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University students are the most employed category of participants in cognitive research. 
However, researchers cannot fully control what their participants do the night before the 
experiments (e.g., consumption of alcohol) and, unless the experiment specifically 
concerns the effects of alcohol consumption, they often do not ask about it. Despite 
previous studies demonstrating that alcohol consumption leads to decrements in next-day 
cognitive abilities, the potential confounding effect of hangover on the validity of cognitive 
research has never been addressed. To address this issue, in the present study, a test-
retest design was used, with two groups of university students: at T0, one group was 
constituted by hungover participants, while the other group was constituted by 
non-hungover participants; at T1, both groups were re-tested in a non-hangover state. 
In particular, the tests used were two versions of a parity judgment task and an arithmetic 
verification task. The results highlight that: (a) the response times of university students 
experiencing a hangover are significantly slower than those of non-hangover students 
and (b) the response times of hungover students are slower than those of the same 
students when re-tested in a non-hangover state. Additionally, it was also observed that 
the prevalence of hungover students in the university campus varies depending on the 
day of the week, with a greater chance of enrolling hungover participants on specific days. 
In light of the latter result, the recruitment of university students as participants in cognitive 
experiments might lead researchers to erroneously attribute their results to the variables 
they are manipulating, ignoring the effects of the potential hangover state.
Keywords: alcohol, hangover, cognition, internal validity, research methods
INTRODUCTION
A large part of what we  know about psychology derives from experiments run on university 
students and laboratory animals. When describing the studies on laboratory animals, researchers 
are usually very accurate in reporting the conditions under which their animals are kept. In 
particular, the environmental conditions (e.g., temperature, cages dimensions, and lighting) 
and the feeding (e.g., food and water administration) are strictly controlled and meticulously 
Murgia et al. Students’ Hangover and Cognitive Research
Frontiers in Psychology | www.frontiersin.org 2 September 2020 | Volume 11 | Article 573291
described (for an example, see Chiandetti et  al., 2014). 
Conversely, when testing human participants, researchers make 
the implicit assumption that all their participants before starting 
an experiment are roughly in the same conditions, and that 
these conditions are optimal to serve as subjects (e.g., Corona 
et  al., 2016; Guicciardi et  al., 2019). However, the majority 
of researchers do not have full control over the behaviors of 
their participants in the 24  h before the experiments, and 
often they do not worry about it. This may represent an 
underestimated methodological issue, which could threaten 
the internal validity of experiments, since participants might 
be  in psychophysiological conditions that could affect 
their performance.
In particular, a possible threat to the internal validity is 
the consumption of alcohol by university students, the night 
before their participation in cognitive experiments. Indeed, it 
is well-known that students tend to party and to consume 
large amounts of alcohol. It has been demonstrated that alcohol 
consumption among university students is higher compared 
to non-college age-mates (O’Malley and Johnston, 2002), and 
that students drink not only on weekends, but also on weekdays. 
In particular, it happens mostly on Wednesdays in the 
United  Kingdom as anecdotally reported by Stephens et  al. 
(2014), and on Thursdays as well as on days of celebrations, 
such as birthdays and campus/university events, in the 
United  States (Del Boca et  al., 2004; Glindemann et  al., 2007), 
however, the preferred day of the week for student’s parties 
may vary depending on the city. After weekday parties, a 
certain percentage of students might decide to stay at home 
and recover, while others might still go to the university and 
carry out their daily duties. The latter group of students is 
potentially eligible for taking part to psychological experiments, 
especially if they had previously scheduled it in exchange of 
money or academic credits. However, the data deriving from 
their test might be  biased by the combined effect of alcohol 
consumption and reduced sleep quality (Penning et  al., 2010), 
which might impair their cognitive performances.
The cognitive effects associated with alcohol consumption 
have been largely investigated (Ryback, 1971; Koelega, 1995; 
Schweizer and Vogel-Sprott, 2008). While the cognitive 
impairment deriving from the acute alcohol intoxication is 
well-established, the residual effects of alcohol on cognitive 
performances are less known (Stephens et  al., 2008; Stephans 
and Verster, 2010). Indeed, the effects of alcohol are not 
limited to the drunkenness experienced after its consumption 
but include also the next day effects referred to as a hangover. 
According to van Schrojenstein Lantman et  al. (2016, p.  148) 
“the alcohol hangover refers to the combination of mental and 
physical symptoms, experienced the day after a single episode 
of heavy drinking, starting when blood alcohol concentration 
approaches zero.” More in general, hangover is a state of 
general discomfort that can negatively affect the activities the 
day after alcohol intoxication. It is a multidimensional 
phenomenon characterized by a reduction of sleep quantity 
and quality, alterations in mood, concentration and general 
well-being, and several symptoms like headache, dizziness, 
and nausea (Penning et  al., 2010).
Previous studies demonstrate that participants in hangover 
condition have impaired cognitive performance in different 
tasks (van Schrojenstein Lantman et  al., 2017). In particular, 
next-day impairments were found for short-term/working 
memory (McKinney and Coyle, 2004, 2007; Howland et al., 2010; 
Scholey et  al., 2019), long-term memory (Verster et  al., 2003; 
McKinney and Coyle, 2004, 2007), sustained attention (Howland 
et  al., 2010; Rohsenow et  al., 2010; McKinney et  al., 2012), 
divided attention (Roehrs et  al., 1991), selective attention 
(McKinney et  al., 2012; Devenney et  al., 2018, 2019), and 
performance in psychomotor tasks (McKinney and Coyle, 2004; 
Kruisselbrink et al., 2006; Grange et al., 2016). Moreover, some 
studies investigated the next-day impairment in real-life situations, 
showing that participants reported feeling impaired in their 
working activity (Rohsenow et  al., 2006), and that complex 
daily tasks such as car driving were affected (Laurell and 
Törnros, 1983; Verster et  al., 2014). Although, differences in 
the methods (e.g., type of tests, amount, and modality of 
alcohol consumption) gave rise to conflicting evidence in some 
cases (for a recent review, see, Gunn et  al., 2018), it seems 
quite consolidate that hangover determines a cognitive 
impairment involving several processes.
Unlike previous studies, which specifically aimed to determine 
which cognitive functions are impaired by a hangover and to 
what extent, the present study has the broader aim to investigate 
whether hangovers can represent a threat to the validity of 
cognitive research. Indeed, it is well-known that university 
students are the preferred category of participants to be enrolled 
in psychological studies, but it is also well-known that students 
tend to engage in social drinking behaviors (also on weekdays), 
which cannot be  fully controlled by researchers. Given that 
the next-day effects of alcohol consumption affect the cognitive 
performances, the hypothesis of the present study is that the 
recruitment of hungover students might represent a potential 
bias for cognitive research.
The risk for this bias to occur depends on the actual 
impairment shown by the hungover students who decide to 
go to the university to carry out their daily schedule 
(i.e., thus, excluding those students who refrain from academic 
activities). Indeed, it is reasonable to assume that a certain 
percentage of students do not go to the university the day 
after a party, while the remaining students go to the university, 
thus being potentially eligible as experimental participants. The 
present study focuses on the latter category, testing the cognitive 
performance of students who spontaneously reached the 
laboratory to be  tested the day after a party. The hypothesis 
of the present study is that the cognitive performance of this 
sub-sample of hungover students is worse than that of other 
students who did not consume alcohol, as well as than that 
of the same students in a non-hangover condition.
MATERIALS AND METHODS
Participants
Thirty-six university students (M  =  15; F  =  21) were recruited 
for this experiment in exchange for academic credits and equally 
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divided into two groups. Their ages ranged from 19 to 36 years 
(M  =  22.3; SD  =  2.6). Participants were contacted via social 
network and email by the researchers. They had normal or 
corrected to normal vision.
The study was approved by the University of Trieste Ethics 
Committee (approval n. 80, dd. 12.06.2017), and was conducted 
in accordance with the recommendations of the Committee. 
Written informed consent was obtained from each participant 
before starting the experiment.
Materials
The experiment was built through the PsychoPy software, 
version 3.0. The PC was a Dell desk computer with Intel Core 
i5 (RAM: 4  Gb). The monitor used was a Quato Intelli Proof 
242 excellence (24  in), with a 1,024  ×  768 resolution. The 
participants’ responses were collected through a five-button 
serial response box. For estimating the blood alcohol 
concentration, a G3 Ferrari Drinkontrol EVO 1YB00200 
breathalyzer was used.
Questionnaires were also used. The first part of the 
questionnaire regarded socio-demographic and personal 
information (e.g., weight, height, and age), and assessed the 
participants habits concerning alcohol consumptions. In 
particular, participants were asked to report how likely they 
go out and drink more alcohol than usual on nights preceding 
a working day, for each day, and how likely they would go 
to the university the day after a weekday party (on a Likert 
scale from 0 to 7). These scores were then re-coded as follows: 
0–1 = very unlikely; 2–3 = unlikely; 4–5 = likely; and 6–7 = very 
likely. Moreover, information about what they did the night 
before and, in particular, about the amount (i.e., number of 
alcohol units) and the kind of alcohol consumed, and the 
number of hours of sleep were asked. The second part of the 
questionnaire consisted of the Alcohol Hangover Severity Scale 
(AHSS; Penning et al., 2013), in which participants were asked 
to indicate to what extent they were experiencing 12 typical 
hangover symptoms (e.g., fatigue, concentration problems, and 
confusion) on a 10-points Likert scale.
Experimental Design
Participants were divided in two groups. The first group was 
tested the day after a party (Hangover group), while the 
second group was tested after a night of alcohol abstinence 
and normal rest (Non-hangover group). Both groups were 
tested twice: in the second session – approximately 1  week 
after the first session – all participants were retested in a 
non-hangover condition. Thus, a 2 × 2 mixed measures design 
was employed, with the variable Group (Hangover vs. 
Non-hangover) between participants and the variable Time 
(T0 and T1) within participants.
Procedure
Participants were recruited via Facebook through the university 
groups, and then contacted via email by the researchers. They 
were told they could decide to be  tested a first time (T0) 
either the morning after a party (Hangover condition) or the 
morning after a night of normal rest without consuming alcohol 
(Non-hangover condition). All participants were tested a second 
time (T1) in a non-hangover condition.
Participants were told that they would take part in a research 
concerning the social habits and lifestyle of University students 
and their cognitive abilities. They were told that the laboratory 
was available from 10 AM  to 1 PM and were asked to reach 
the laboratory to be  tested on a day of their choice. In this 
way, they could be  tested without an appointment, simply 
going to the laboratory during their free time (e.g., break 
between two lectures). Indeed, the laboratory was located in 
the campus area, where the other academic activities take place.
The experiment took place in a quiet room, without 
environmental distractions. Participants were asked to complete 
the informed consent before starting the experiment. They 
were asked to sit in front of the computer at a distance of 
approximately 50 cm. They were asked to execute three different 
cognitive tasks in the following order: parity judgment task, 
parity judgment task with rule switch, and arithmetic 
verification task.
Task 1: Parity Judgment Task
In this task, participants were exposed to a white fixation 
point on a gray screen for 500  ms, which then disappeared. 
After 500  ms, a number (ranging from 1 to 9, excluding 5) 
was presented. Participants were required to keep their indexes 
on the keys of the response box and to press the leftmost 
key if the number was even, or the rightmost key if the number 
was odd. The stimuli remained on the screen until the participants 
pressed a key, and after 500  ms a new trial started. Before 
the experimental session, participants performed a practice 
session, with two repetitions of the eight stimuli in random 
order, and after every response a feedback was given about 
accuracy and response time. The experimental session consisted 
of five repetitions of the stimuli in random order (40 trials), 
and no feedback was given. Participants were asked to be  as 
fast and accurate as possible. This task is typically used for 
research on the Spatial-Numerical Association of Response 
Codes (SNARC) effect (Dehaene et  al., 1993) and implies the 
retention of the rules (i.e., if odd, press right and if even, 
press left) in the working memory, the perception of the 
stimulus and the recognition of its category (odd/even), the 
selection of the appropriate rule (i.e., if odd, press right vs. 
if even, press left), and the execution of the motor response.
Task 2: Parity Judgment Task With Rule Switch
In this task, the stimuli were exactly the same as the previous 
task, with the exception of the color of the number, which 
was either white or black. Like in the previous task, participants 
were required to press the leftmost key if the number was 
even or the rightmost key if the number was odd, when the 
numbers were white. However, when the numbers were black, 
participants had to reverse the rule; namely, they had to press 
the leftmost key if the number was odd, or the rightmost key 
if the number was even. Before the experimental session, 
participants performed a practice session, with 16 white stimuli 
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(each of the eight digits was presented twice) and eight black 
stimuli in random order, and after every response, a feedback 
was given about accuracy and response time. The experimental 
session consisted of five repetitions of the stimuli used in the 
practice session (120 trials), and no feedback was given. 
Participants were asked to be  as fast and accurate as possible. 
It is noteworthy that, in the majority of trials, participants 
were required to follow the rule which was already consolidated 
in the previous task, and only in 1/3 of the trials they were 
required to reverse the keys. Thus, this task implies the retention 
of the rules (e.g., if odd, press right, if even, press left, and 
if black reverse the odd-even rule) in the working memory, 
the perception of the color of the stimulus and the recognition 
of its category (odd/even), the selection of the appropriate 
odd-even rule (e.g., if odd, press right vs. if even, press left), 
the inhibition of the predominant motor response and the 
reversion of the rule if the stimulus is black, and the execution 
of the appropriate motor response.
Task 3: Arithmetic Verification Task
In this task, participants were exposed to relatively complex 
mathematical operations and were required to verify whether 
the result was correct. Participants were required to keep 
their indexes on the keys of the response box and to press 
the leftmost key if the displayed result was correct or the 
rightmost key if the displayed result was incorrect. The stimuli 
remained on the screen until participants pressed a key, and 
after 500  ms a new trial started. Before the experimental 
session, participants performed a practice session, with eight 
trials (half correct and half incorrect), and after every response 
feedback was given about accuracy and response time. Then 
they performed three blocks of 16 trials each, resulting in a 
total of 48 trials (half correct and half incorrect). The structure 
of the equations varied depending on the blocks, for instance 
“(7  ×  2)−4  =  9” in the first block, “(31  ×  2)−6  =  56” in 
the second block, and “[(9/3)  ×  5]−7  =  8” in the third block. 
Participants were asked to be  as fast and accurate as possible. 
This task implies the retention of the rules (i.e., if correct, 
press left and if incorrect, press right) in the working memory 
for the entire duration of the task, the mental calculation of 
the first operation, the retention of the result in the working 
memory, and the use of this result to calculate the following 
operation(s). Finally, participants compared the mentally 
calculated result with the displayed result, selecting the 
appropriate rule (if correct, press left vs. if incorrect press 
right), and executed the motor response.
At the end of the cognitive tasks, all participants were 
required to complete the questionnaire. Finally, participants 
were asked to take a breath alcohol test, to verify that they 
were in a hangover state (blood alcohol concentration <0.02%), 
and not still under alcohol intoxication.
Data Analysis
The response times and accuracy for all tasks were analyzed. 
With regard to response times, before starting the analysis, 
the response times of incorrect responses were eliminated, and 
then the median response time for each participant for each 
condition was calculated. Finally, a set of 2 × 2 mixed ANOVAs 
(Alcohol  ×  Time) were ran. Contrasts were calculated using 
t-tests. With regard to accuracy, the difference between the 
number of errors at T0 and that at T1 for each participant 
was calculated for each task. Then, the Mann-Whitney test 
was run to compare the effects of the Group variable. As for 
the questionnaires, the scores obtained for each weekday were 
compared using the Friedman Test, then the Wilcoxon test 
was used to calculate the contrasts.
RESULTS
Participants in the hangover condition reported that the average 
number of alcohol units they consumed the night before the 
experiment was 7.42 (SD  =  2.83). Assuming that, a standard 
drink has around 10 g of ethanol and normalizing the consumed 
alcohol per participants’ weight, the estimated average amount 
of alcohol per weight consumed the night before the experiment 
was 1.22  g/kg (SD  =  0.46). The blood alcohol concentration 
measured through the breath analysis, the morning of the 
experiment was zero in all participants. The average score on 
AHSS reported by participants was 4.11 (SD  =  1.62). The 
average number of hours of sleep for the Hangover group 
was 5.10 (SD  =  2.57) in T0 and 7.38 (SD  =  1.37) in T1, while 
for the Non-hangover group it was 6.97 (SD  =  1.48) in T0 
and 7.08 (SD  =  1.44) in T1.
Effects of Hangover on Cognitive 
Performances
The analyses did not reveal significant differences for the 
accuracy. At T0, the percentage of errors in the three tasks 
ranged between 2.64 and 6.78% in the Hangover group, and 
between 3.34 and 6.71% in the Non-hangover group. At T1, 
the percentage of errors ranged between 2.78 e and 6.37% in 
the Hangover group, and between 2.01 and 6.13% in the 
Non-hangover group.
Instead, significant differences emerged in response times. 
As for the parity judgment task (task 1 – Figure  1A), the 
2  ×  2 mixed ANOVA revealed a significant main effect for 
Group [F(1, 34)  =  6.33; p  <  0.005; ηp2  =  0.16], for Time 
[F(1, 34)  =  8.64; p  <  0.01; ηp2  =  0.20], and a significant 
interaction [F(1, 34) = 4.54; p < 0.05; ηp2 = 0.12]. In particular, 
the performances were slower in the Hangover group compared 
to the Non-hangover group, and in T0 compared to T1. In 
T0, the Hangover group performed slower than the Non-hangover 
group [t(34)  =  2.82; p  <  0.005; d  =  0.94], and the Hangover 
group in T0 performed slower than in T1 [t(17)  =  2.99; 
p  <  0.005; d  =  0.47], when they were re-tested in a 
non-hangover state.
Analogously, for the parity judgment with rule switch 
(task 2 – Figure  1B), a significant main effect for Group 
[F(1, 34) = 5.28; p < 0.05; ηp2 = 0.13], for Time [F(1, 34) = 9.40; 
p  <  0.005; ηp2  =  0.22], and a significant interaction 
[F(1, 34)  =  7.07; p  <  0.05; ηp2  =  0.17] were found. This first 
analysis was run on all data, independently from the color 
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condition (white or black stimuli, indicating the trials without 
and with rule switch, respectively). Then the color conditions 
were separately analyzed, and an analogous pattern of results 
was found both for white and black trials. Indeed, for white 
trials (no rule switch), a significant main effect for Group 
[F(1, 34) = 4.88; p < 0.05; ηp2 = 0.12], for Time [F(1, 34) = 10.86; 
p  <  0.005; ηp2  =  0.24], and a significant interaction 
[F(1, 34)  =  4.94; p  <  0.05; ηp2  =  0.13] emerged. For black 
trials (rule switch), a significant main effect for Group 
[F(1, 34) = 4.81; p < 0.05; ηp2 = 0.12], for Time [F(1, 34) = 4.72; 
p < 0.05; ηp2 = 0.12], and a significant interaction [F(1, 34) = 6.99; 
p  <  0.05; ηp2  =  0.17] was found. Similar to the task 1, it was 
found that the performances were always slower in the Hangover 
compared to the Non-hangover group, and in T0 compared 
to T1. The worst performances were obtained by the Hangover 
group in T0, compared to the Non-hangover group in T0  in 
all trials [t(34)  =  2.71; p  <  0.01; d  =  0.91], in the white only 
trials [t(34)  =  2.58; p  <  0.01; d  =  0.87], and in the black only 
trials [t(34)  =  2.74; p  <  0.005; d  =  0.92], and compared to 
the same Hangover group when it was re-tested in a non-hangover 
state (T1), considering all trials [t(17)  =  3.63; p  <  0.005; 
d  =  0.45], the white only trials [t(17)  =  3.82; p  <  0.001; 
d  =  0.46], and the black only trials [t(17)  =  3.34; p  <  0.005; 
d  =  0.45].
Finally, the analysis on response times for the arithmetic 
verification task (task 3 – Figure  1C) revealed similar results. 
Apart from the main effect for Group, which was not significant, 
a significant effect for Time [F(1, 34)  =  28.94; p  <  0.001; 
ηp2  =  0.46], and a significant interaction [F(1, 34)  =  5.42; 
p  <  0.05; ηp2  =  0.14] emerged. Similar to previous results, it 
was found that the performances were slower in T0 compared 
to T1. In T0, the Hangover group performed slower than the 
Non-hangover group [t(34)  =  1.77; p  <  0.05; d  =  0.59], and 
the Hangover group in T0 performed slower than in T1 
[t(17)  =  6.20; p  <  0.001; d  =  0.88], when they were re-tested 
in a non-hangover state.
Alcohol Consumption on Weekdays
The data from the questionnaires revealed that the chance of 
participants going out and consuming more alcohol than usual 
on nights preceding a working day (Figure  2) is not equal 
across all days [χ2(4) = 47.71; p < 0.001]. Indeed, they reported 
that they are more likely to go out and drink on Wednesday 
night, compared to Sunday (Z  =  2.44; p  <  0.05), Monday 
(Z  =  4.40; p  <  0.001), Tuesday (Z  =  4.22; p  <  0.001), and 
Thursday (Z  =  3.87; p  <  0.001) nights. Moreover, the majority 
of participants (61.1%) reported that it is likely or very likely 
that they go to the university the day after a party. To further 
confirm these results, another group of participants were 
empirically tested to verify the actual presence of hungover 
students at the university on Thursday (i.e., the day after the 
highest rated night for parties) and on Tuesday (i.e., the day 
after a regular weekday) mornings. A random sample of students 
who were in the university campus from 10 AM  to 1 PM on 
Thursday and Tuesday of the same week was interviewed. 
Five-hundred students per day were asked the question: “Did 
you  party and drink more alcohol than usual last night?” It 
was found that the prevalence of hungover students in the 
A
B
C
FIGURE 1 | The figure shows the average response times in the three tasks, 
namely (A) parity judgment task; (B) parity judgment task with rule switch; 
and (C) arithmetic verification task. For each task, the response times of 
Hangover and Non-hangover groups are reported, both in T0 and in T1 (when 
both groups were re-tested in a non-hangover state). Error bars indicate SDs. 
Significant differences are indicated as follows: *p < 0.05; **p < 0.01; and 
***p < 0.001.
FIGURE 2 | The figure shows the average scores reported by participants to 
the question “How likely do you go out on the following nights?” on a Likert 
scale from 0 to 7. Error bars indicate SDs.
Murgia et al. Students’ Hangover and Cognitive Research
Frontiers in Psychology | www.frontiersin.org 6 September 2020 | Volume 11 | Article 573291
campus on Thursday morning was 13.2% (n  =  66), while the 
prevalence of hungover students on Tuesday morning was 3.8% 
(n  =  19). The data obtained on Thursday and Tuesday were 
compared by applying a chi-square test, and a statistically 
significant effect (χ2  =  28.40; p  <  0.001) emerged. In order to 
replicate this finding, the same observations were conducted 
on the following week, and analogous results were found 
(χ2  =  16.95; p  <  0.001).
DISCUSSION
There is a vast literature describing the impairments of cognitive 
functions determined by a hangover. The present study had 
the broader aim to investigate whether hangover can represent 
a threat to the validity of cognitive research. Indeed, since a 
certain percentage of students tend to consume alcohol on 
weekdays and go to the university the following day, such 
students are potentially eligible for taking part in psychological 
experiments, and their participation could affect the results. 
The hypothesis of the present study was that the cognitive 
performances of hungover students – who spontaneously reached 
the laboratory the day after a party – would be  somehow 
impaired. The results confirmed this hypothesis: in all three 
cognitive tasks, participants in hangover condition performed 
significantly slower than the non-hangover participants. Moreover, 
the hungover participants performed significantly faster when 
re-tested in a non-hangover condition.
Similar to previous studies in the domain of the cognitive 
effects of a hangover (McKinney and Coyle, 2004; McKinney 
et  al., 2012), the task used revealed a general impairment 
of the cognitive processes in the hangover condition. In 
particular, in the parity judgment task, participants in the 
hangover condition performed slower than the non-hangover 
participants in T0, and then this difference disappeared in 
T1, when both groups were re-tested in a non-hangover 
condition, as suggested by the significant interaction. This 
means that the hangover affected the cognitive functioning 
of participants, resulting in slower response times, and that 
this impairment is reversible when this state ceases. While 
this task was moderately challenging, the second task was 
more demanding, since it was the same parity judgment 
task in which it was required to inhibit the “automatic” 
response and switch the key in certain trials. The results 
indicate that, even in this more difficult task, the pattern 
of responses is analogous. Indeed, similar to the previous 
task, at T0 the response times of hungover participants were 
affected compared to the non-hangover participants, while 
at T1 – when both groups were non-hangover – the cognitive 
abilities were restored, and the differences disappeared. Finally, 
in the third task, in which participants were required to 
mentally execute mathematical calculations, the analyses 
revealed an analogous pattern of results. Indeed, similar to 
previous tasks, the interaction suggests that the hangover 
participants at T0 were slower in executing the mental 
calculations compared to the non-hangover participants, and 
this difference disappeared at T1.
It is noteworthy that in all tasks, there was no difference 
in terms of accuracy, but only in terms of response times. It 
was somehow expected because in this experiment participants 
had no temporal constraints, since the stimuli remained on 
the screen until the participants responded. Consequently, 
participants favored accuracy over speed so that the impairment 
given by hangover was revealed only by response times. This 
pattern can be  explained by a well-known phenomenon, the 
speed-accuracy tradeoff (for a review, see Heitz, 2014). According 
to this phenomenon, it is possible to predict that by adding 
a time constraint the effect would be  revealed by accuracy 
instead of by response times.
Notably, three different cognitive tasks characterized by an 
increasing level of complexity determined the same pattern 
of results and comparable effect sizes (medium to high). 
We  can speculate that the relatively high level of hangover 
severity determined a quite high level of impairment, 
independently of the complexity of the task. Due to the 
experimental design employed, it was not possible to clearly 
determine how different levels of hangover severity could 
affect performances in these tasks. It would be  interesting to 
investigate whether effect size increases/decreases when testing 
participants with different levels of severity; future studies 
should address this point.
The hangover effect on response times seems to occur 
independently of the tasks used, which had a medium to high 
level of difficulty. Indeed, these tasks were quite complex and 
involved several cognitive processes, since perceptual, attentional, 
motor, and memory processes were engaged. In particular, the 
working memory was probably the most involved process in 
all three tasks: in task 1, participants had to associate the 
right rule depending on the parity of the numbers; in task 2, 
they had to associate the right rule depending on the parity 
and the color of the numbers; and in task 3, they had to 
retain the results of mental operations and use them to mentally 
calculate other operations. Given the involvement of the working 
memory in all tasks and the consistency of the results across 
the tasks, the results could be mainly attributed to the temporary 
impairment of this process. This interpretation is in line with 
the findings obtained by Howland et  al. (2010), who showed 
the involvement of the working memory in the next-day 
cognitive effects of alcohol consumption.
The results of the present study suggest that the cognitive 
effects of alcohol are not limited to the day of alcohol 
consumption but are still present the next morning. It is 
noteworthy that the enrolled participants are not representative 
of all university students who partied the night before, but 
just of a subsample, namely of those who decided to go to 
the university the morning after, regardless of their hangover 
status. Indeed, they were not forced to go to the laboratory 
to be  tested on a specific day, but they could spontaneously 
reach the laboratory on a day/time of their choice (e.g., on 
break between two lectures). Surprisingly, the students tested 
showed a quite high level of hangover severity (AHSS = 4.11), 
compared to previous studies (Penning et  al., 2013; Verster 
et  al., 2014; Howse et  al., 2018), suggesting that even a 
relatively severe hangover did not prevent participants from 
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going to the university and carrying out their scheduled 
activities. If this generalized to the majority of hungover 
students, they would be  potentially eligible – among all the 
other students – for psychological experiments and could 
consequently affect the internal validity of the same experiments. 
Indeed, if these students were enrolled as participants, the 
researchers could erroneously attribute the poor cognitive 
performances of these participants to their experimental 
manipulation, ignoring a confounding variable such as 
the hangover.
Another important issue addressed in the present study 
regards the prevalence of hungover students in the university 
campus on weekdays. Previous literature anecdotally reported 
that students typically go out and party also on weekdays, 
and in particular, on Wednesdays and on Thursdays, depending 
on the social habits of their city/country (Glindemann et  al., 
2007; Stephens et  al., 2014). The students of the university 
in which the study took place (i.e., in an Italian context) 
showed a similar habit, reporting that they use to go out on 
Wednesday more than any other day (excluding Friday and 
Saturday). When the prevalence of hungover students in the 
university campus has been empirically tested, it was found 
that on Thursday morning (i.e., the day after Wednesday night) 
the prevalence of hungover students was over three times 
higher than on Tuesday morning (i.e., the day after Monday 
night). These results suggest that this phenomenon is not 
equally distributed across the weekdays, and that on certain 
days there is a higher chance to recruit hungover students 
as participants. Thus, the day of testing might enhance the 
confounding effect of the hangover variable. For instance, a 
researcher might be  interested in investigating the effects of 
working memory training on a sample of healthy participants, 
such as university students. It is possible that a group of 
participants is tested on Tuesday and re-tested the next week 
on Thursday (or the opposite), after the training: in this case. 
the results might be  negatively (or positively) altered by the 
hangover variable, leading researchers to wrongly accept (or 
reject) the null hypothesis. In other words, the observed effects 
might be  due not only to the training, but also to the 
confounding effects of hangover (which may vary depending 
on the day of the week, according to the cultural habits of 
each country).
To prevent future studies in cognitive psychology from being 
biased by the potential hangover state of participants, researchers 
should take this aspect into account, measuring it and explicitly 
reporting how they did so. In this regard, there are two possible 
options, that is, self-report assessments and blood alcohol 
concentration monitoring (e.g., breathalyzer and/or wearable 
technology; Verster et al., 2019). These options are not mutually 
exclusive, and it would be  ideal to always use both; however, 
in studies whose aim is not to specifically evaluate the effects 
of alcohol consumption on cognition, including at least a self-
report assessment of hangover is recommended. In this regard, 
the authors’ suggestion is to explicitly ask participants whether 
they consumed alcohol the night before the experiments, and 
whether they slept an adequate number of hours. If researchers 
are informed that one or more participants consumed large 
amounts of alcohol and slept few hours the night before, they 
should exclude these participants from the experiments. 
Moreover, when describing the participants of studies run on 
university students, the authors’ recommendation is that 
researchers include this statement: “All participants reported 
that their psychophysiological state was not affected by alcohol 
consumption or insufficient sleep in the last 24  h.”
Like every study, the present one has some limitations. 
Participants were tested in relatively complex tasks, which 
were mentally demanding, but it is not possible to know 
whether simpler tasks would be  affected as well. Moreover, 
the prevalence of hungover students in the campus was 
observed at the end of the semester (just before the exams); 
consequently these observations might be  underestimated. 
Another limitation is that, although we  tried to limit the 
effects of expectations/motivations of participants in the 
experiment, we  cannot exclude that they could have affected 
the results.
As for future developments, the present study focused only 
on cognitive abilities, but it cannot be  excluded that an effect 
of a hangover on other psychological areas might occur. For 
instance, emotional, and psychosocial factors could also be altered 
by the state of hangover. Future studies should investigate to 
what extent hangover could influence similar variables and, 
consequently, affect the research in these fields. Moreover, other 
factors that could affect the validity of cognitive experiments 
could be  investigated, such as the reduced sleep typically 
associated to the compulsive use of internet and social media 
(Demirci et  al., 2015; Cerniglia et  al., 2019)
CONCLUSION
In conclusion, the results of the present study further confirm 
that the cognitive performances of healthy participants 
(i.e., university students) are affected by hangover, and reveal 
that the prevalence of hungover students in the university 
campus varies depending on the day of the week. Considering 
that university students are usually enrolled in experiments 
investigating the typical functioning of cognitive processes, 
it is important that researchers ascertain the psychophysiological 
conditions of the enrolled participants, in order to avoid the 
results of their experiments from being biased by the effects 
of potential hangover states. Unless the experiments specifically 
concern the effects of alcohol consumption on cognitive 
functions, researchers often do not report whether their 
participants consumed alcohol the night before the experiments; 
the lack of this information does not allow to know whether 
this aspect was neglected, or it was investigated and resulted 
that no participants had consumed alcohol the night before. 
Therefore, researchers investigating the typical functioning 
of cognitive processes are recommended to ask participants 
about alcohol consumption and/or insufficient sleep the night 
before the experiment, to exclude those who are in hangover 
state, and to report that the enrolled participants declared 
that their psychophysiological state was not affected 
by hangover.
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